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Iris Melanocyte Response to MSH and Related Drugs. D. M. ALBERT, J. S. MCGUIRE,
G, D. BERNARD, AND P. SHERRY. Departments of Dermatology and Ophthalmology, Yale
University School of Medicine, New Haven, Connecticut.
The response of the iris of amphibians to alpha melanocyte stimulating hormone (MSH),
caffeine, melatonin, and phenylephrine was studied. Three species of animals were used:
Rana pipiens, Rana catesbeiana, and Bufo marinus. In in vivo studies, the iris was observed
and photographed through a Zeiss operating microscope at 25x magnification. The appearance
of the pigment patterns of each iris was examined following the subcutaneous injection
of various drugs and changes were quantitated by measuring the light transmission through
selected regions of the photographic transparency of the iris. In in vitro studies reflectance
curves were obtained directly from the enucleated eyes. All specimens were subsequently
studied histopathologically.
In eyes studied in vitro no effect was obtained with concentrations of MSH of 2 ug/ml
but occurred with concentrations of 20 ,ug/ml or more. The effect of MSH and caffeine
was similar in all the eyes tested, both in vivo and in vitro. The general coloration of
the iris darkened, the peripheral iris pigmentation migrated in toward the central iris, and
the iris markings increased in length and width. Melatonin and phenylephrine reversed the
effects of MSH and caffeine.
The iris of the frog consists of an anterior "mesothelial layer" of iridophores, a thin
stroma containing blood vessels, connective tissue, and numerous dendritic melanocytes and
posteriorly two layers of pigmented epithelial cells associated with pigmented sphincter and
dilator muscles. Comparisons of control eyes and eyes treated with MSH and caffeine indicated
that the darkening of the iris resulted from changes in the stromal melanocytes. Pseudopodlike
processes containing dispersed melanin appeared between and above the surface layer of
iridophores. Conversely, the lightening effect appeared due to an aggregation of the pigment
granules and contraction of the stromal melanocytes. No change in the appearance of the
iridophores or pigment epithelium was observed.
Identification and Quantification of Insoluble Brown Pigment in Liver and Heart. L. M.
AMBANI, L. M. EDELSTEIN, AND M. H. VAN WOERT. Departments of Internal Medicine
and Pharmacology, Yale University School of Medicine, New Haven, Connecticut, and
St. Vincent Hospital, Worcester, Massachusetts.
Previous studies of the biochemical composition of lipofuscin have focused on its lipid
composition. Some preliminary investigations in this laboratory and histochemical studies
have suggested that lipofuscin may contain a melaninlike component in addition to lipid.
In the present studies we have applied a technique for isolating melanin (similar to
Nicolaus, R. A. et al., Tetrahedron 20, 1163, 1964) for the identification and quantification
of the brown "age pigment" found in liver and heart tissue. Heart and liver tissues (5-15
g) obtained at autopsy from subjects ranging in age from 5 mo intrauterine to 90 yr
were digested with concentrated hydrochloric acid at room temperature for 14 days and
lipids removed by boiling in chloroform-methanol (1:2 v/v). Brown-black insoluble pigment
granules which remained after digestion and extraction were dried and weighed. Infrared
and electron paramagnetic resonance spectrographs of both isolated liver and heart pigments
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were similar to that of melanin obtained by the same technique from B-16 mouse melanoma.
The quantity of pigment isolated from normal liver and cardiac tissue varied from 0 to
0.9 mg/g wet wt. A liver with brown atrophy contained 2.5 mg of melanin/g wet wt.
The degree of lipofuscin pigmentation was graded microscopically on a 0 to 5+ scale
(independently by all three authors) after staining with E and E, Fontana siver, and Giemsa
stain. The quantity of brown melaninlike pigment isolated from liver and heart tissue generally
corresponded with the histochemical grading of pigmentation. Although the quantity of pig-
ment was generally minimal early in life, a linear age-related increase in pigment was
not observed. These results reaffirm that lipofuscin contains a melanin component and may
more accurately be labeled lipomelanin. Factors other than age may also influence the
formation of this pigment; this method of quantification may be useful in determining these
other factors.
Unusual Melanosomes and a New Pigment from Leaf Frogs. J. T. BAGNARA, R. D. TAYLOR,
AND G. PROTA. University of Arizona, Tucson, Arizona, Wayne State University, Detroit,
Michigan, and University of Naples, Naples, Italy.
Melanophores of the Mexican leaf frog, Agalychnis dacnicolor, contain unusual melano-
somes that are almost twice the diameter (1.02 ,tm) of the usual vertebrate type and include
an electron-dense core which is surrounded by a large mass of dense fibers. These melanosomes
are of a rosy purple color and contain a pigment which can be extracted with dilute alkali
or with DMSO. The pigment is unstable in alkali and three broad absorption peaks of
the rosy purple extract disappear as a yellow decomposition product (absorption max 400
nm) is formed. This pigment is neither a phaeomelanin nor a eumelanin. A selective uptake
of [3H]dopa and ['H]tyrosine occurs in A. dacnicolor skins incubated in Ringer's solution
containing these substances, suggesting that the new pigment may be in some way related
to the melanin. An identical rosy purple pigment has been extracted from two other leaf
frogs (A. callidryas and A. moreleti) and electron microscopic observations of the latter
indicate the presence of melanosomes similar to those of A. dacnicolor but lacking the
electron-dense kernal. Apparently, this new pigment and unusual melaonosome are character-
istic of the leaf frog family (Phyllomedusidae). Of possible physiological correlation with
these unusual melanosomes is the fact that skin-color changes can be induced locally by
alterations in illumination. This is true both of tadpole tails and adult dorsal surfaces.
Independence of Melanosome Migration and Protoplasmic Streaming in Fish Melanophores.
J. BEREITER-HAHN AND M. SCHLIWA. Fachbereich Biologie der Johann Wolfgang Goethe-Uni-
versitat, Frankfurt, Senckenberganlage 27, Arbeitsgruppe Kinematische Zellforschung.
In the initial theories about melanosome movement a mechanism like a contractile network
or a sol-gel transformation have been suggested to exert the driving force in the displacements
observed. Recent investigations support this view, demonstrate the involvement of filamentous
structures in melanosome migration, but the role of protoplasmic streaming has never been
evaluated in relation to intracellular pigment distribution. Some observations done in our
laboratory argue against a dependence of melanosome movement and protoplasmic streaming
in melanophores of Pterophyllum scalare:
1. Melanosomes coagulated by a Laser-beam do not participate in the normal dislocations;
they are moved to the central part of the melanophore with a much greater lag time
than unirradiated melanosomes in response to increased extracellular K+ concentration.
2. Mitochondria exhibit a similar pattern of dislocation like irradiated melanosomes. There
is a sorting out of mitochondria and melanosomes during pigment concentration. This sorting
out is demonstrated by electron micrographs, and following mitochondrial movements in
vivo by fluorescence labeling. As for respiration-driven mitochondrial movements (5), respira-
tion-inhibited mitochondria also served as indicators of cytoplasmic streaming.
3. Colchicine, which normally diminishes pigment concentration, causes in long-term obser-
vations (1 h to 1 h 30 min) an abrupt fall (to about 5% of the original value) in concentration
velocity. These movements do not lead to any sorting out of cellular organelles and the
velocity corresponds to protoplasmic streaming.
4. Nuclei may move in opposite directions to melanosomes and follow the pigment move-
ment after a lag period with much slower velocity.
703ABSTRACTS OF WORK NOT FORMALLY PRESENTED
The observations indicate that fast melanosome displacements (ca. 30 ,Am/min up to
120 ,um/min) are independent of protoplasmic streaming. The direction of streaming is
influenced by the excitatory state (K+ or Na+ concentration extracellular medium). Slow
mitochondrial movements (6 ,um/min) may be due to protoplasmic flow. The involvement
of fibrillar differentiations is generally accepted in this kind of movement, suggesting the
effect of cytochalasin B on melanosome migration may be due to inhibition of protoplasmic
streaming.
Electron Microscopical Observations in Metastasizing Human Melanomata. G. D. BIRKMAYER
AND B.-R. BALDA. Department of Dermatology, University of Munich, Munich, Germany.
Electron microscopical investigations on three human melanomata and their lymph node
metastases have been performed. In all samples examined a great number of intranuclear
inclusions and pseudoinclusions could be detected. The structure of inclusions never described
before in human tissue appears heterogenous and polymorphic. They consist of vesicles
of different size, large vacuoles, and stacks of smooth-surfaced flattened cisternae. Another
remarkable finding (in metastases) was the occurrence of spherical bodies of nearly uniform
size and distinct morphology. These particles share many morphological similarities to virus
particles found in hamster melanomata. They have a diameter of about 90-120 nm and
an electron-dense nucleoid of about 50 nm thickness. Both findings are in agreement with
the suggested viral etiology of human melanoma.
Developmental Fluctuations in L-Dopa Utilization Caused by Genes Controlling Black-Red
Pigment Production in the Fowl. V. CARVER AND J. BRUMBAUGH. University of Nebraska,
Lincoln, Nebraska.
Basal oxygen consumption was determined for cells isolated from the feather papillae
of chick embryos, while aliquots were measured after incubation for 1 hr in L-dopa (5
mM). The net oxidation (dopa incubated minus basal consumption) indicates the amount
of oxygen used by the cells to convert dopa to melanin, since the net values obtained
for thu albinolike (c/c) mutant were minimal.
Black-pigmented embryos (EIE) had high net oxidation at stage 34 which decreased
to low values by stage 38. Yellow-red producing embryos (ey/ey) had low net oxidation
at stage 34 which increased to high values by stage 38. Wild-type chick embryos (+E/+E),
which produce both eumelanin and pheomelanin had high net oxidation at both stages
34 and 38. All genotypes had low values at stage 36. The dopa-oxidase activity of +E/+E
can best be described as biphasic. The high net values at stage 34 in EIE and +E/+E
are interpreted as being associated with eumelanin synthesis. The high net oxidation at
stage 38 in +±/+E and ey/ey is thought to be related to pheomelanin synthesis. The
high values associated with pheomelanin synthesis coincide with the appearance of thiols
in melanocytes. If only eumelanin is synthesized, only an early phase of dopa-oxidase activity
is required, while pheomelanin formation requires a late phase accompanied by a rise in
thiol concentration. Both phases are required when both types of pigment are produced.
Net oxidation was also determined for E/ey heterozygotes which produce eumelanin.
The net values for heterozygotes were less than those of EIE homozygotes, but a late
phase typical of ey was not expressed. This suggests that the E locus is a control locus,
possibly determining when and whether eumelanin-associated or pheomelanin-associated struc-
tural genes are expressed.
Interaction Between Paraventricular Nucleus (PVN) Extracts and Median Eminence (ME)
Extracts on the Formation of Melanocyte Stimulating-Release-Inhibiting Factor (MSH-R-
IF). M. E. CELIS AND S. TALEISNIK, Inst. Inv. Med. Mercedes and Martin Ferreyra,
Cordoba, Argentina.
Recently we have demonstrated that hypothalamic extracts incubated with oxytocin catalyze
the formation of MSH-R-IF. An enzyme present in ME extracts has been shown to be
involved in this reaction, and it was designated as E1. On the other hand, an enzyme
present in PVN extract yielded melanocyte-stimulating-hormone-releasing factor (MSH-RF)
when incubated with oxytocin, and was designated as E2.
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The interaction of both enzymes on the formation of MSH-R-IF was studied.
When PVN extracts were added to the system ME-oxytocin and incubated together, no
formation of MSH-R-IF was detected.
The effect of PVN extracts is not due to the inactivation of MSH-R-IF or the enzyme
Et, and is proportional to the amount of extract used. PVN extracts were effective in preventing
the formation of MSH-R-IF when 150 mU of oxytocin were used as substrate, but not
when 1000 mU were used, suggesting a competition of both enzymes for the same substrate.
As a result of our work, it can be postulated that the formation of MSH-R-IF is the
result of two hypothalamic enzymes acting on oxytocin. The amount of MSH-R-IF formed
will depend on the relative activity of these two enzymes. When Es predominates, the tendency
of the system would be to the formation of MSH-R-IF, and the contrary will occur in
the presence of a higher E2 activity. Since both enzymes compete for the same substrate,
and as it is possible to overcome the blocking effect of E2 on MSH-R-IF formation by
increasing the oxytocin content in the system, the amount of MSH-R-IF formed at any
moment would also depend on the concentration of oxytocin in the hypothalamic neurons.
Melanogenesis in Human Melanomas. Y. M. CHEN AND W. CHAVIN. Michigan Cancer Founda-
tion and Department of Biology, Wayne State University, Detroit, Michigan 48202.
To understand the interrelationships between tyrosinase, its isozyme patterns, its subcellular
distribution, and its endogenous inhibitors, 13 human melanomas varying in pigmentation
were studied. Tyrosinase activities of human melanoma homogenates vary from 3667 to
46183 TU in pigmented, 168 to 508 TU in partially pigmented, and 14 to 75 TU in
nonpigmented tumors, indicating that enzymic activity is correlated with degree of melanin
pigmentation. Subcellular enzymic distribution in nonpigmented and partially pigmented mela-
noma is confined to the particulate fraction, whereas the particulate and soluble fractions
of pigmented melanomas contain tyrosinase.
Three tyrosinase isozymes including a dominant form occur in both soluble and lipase
solubilized particulate fractions of pigmented melanomas. Additional high molecular weight
tyrosinase isozymes also occur in the solubilized particulate fraction of partially pigmented
melanomas.
Endogenous tyrosinase inhibitor(s) are present in human melanomas. Tyrosinase activity
is increased 300% during 2-wk storage (0-40C) of partially pigmented melanoma homogenate.
An increase in enzymic activity also occurs after washing and particulate fraction of partially
pigmented melanoma with phosphate buffer, indicating both the water solubility and loose
"binding" of the inhibitor(s). The soluble fraction of this homogenate inhibits mushroom
tyrosinase activity but this inhibitory effect decreases with cold storage of the soluble fraction.
Dialyzed and lyophilyzed soluble fraction of this melanoma inhibits the isolated dominant
form of tyrosinase.
Another endogenous inhibitor(s) of tyrosinase is derived from the lipase-digested particulate
fraction of highly pigmented melanoma. The inhibtor is not precipitated with 70% saturated
ammonium sulfate. This supernatant also inhibits the isolated dominant form of tyrosinase.
The Current Status of Naturally Occurring Melanogenic Inhibitors. M. COOPER AND N.
MAcLEAN. Departments of Dermatology, Wayne State University School of Medicine,
Detroit, and Veterans Administration Hospital, Allen Park, Michigan.
The mechanism of melanogenic inhibition by sulfhydryl compounds has been further
investigated in light of the recent finding of the formation of conjugates of thiol compounds
with oxidation products of the tyrosinase reaction. An attempt was made to differentiate
inhibition due to the chelation of prosthetic copper from inhibition due to the formation
of thiol conjugates by the addition of exogenous copper. In contrast to previous findings
with copper-depleted apotyrosinase, copper sulfate was found to inhibit intact mushroom
tyrosinase at concentrations above 1 X 10' M. No stimulation of activity was seen at any
concentration of additional copper. In the case of cysteine-inhibited dopachrome formation,
not only complete recovery, but stimulation to 140% of control activity could be achieved
by copper concentrations equal to one-half that of the cysteine (3 X 10i M) concentration,
when tyrosine was used as substrate. This phenomenon of recovery greater than 100%
could not be seen with dopa as substrate, in which case only 80% of the original activity
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could be recovered. The formation of thiol conjugates with tyrosinase oxidation products
was readily observed by the development of a new absorption peak at about 245 nm with
dopa as substrate. The demonstration of this product with tyrosine as substrate required
some 180 times as much tyrosinase as with dopa, although only four times as much tyrosinase
was needed to achieve the same rate of dopachrome formation. Melanogenesis by normal
tissues such as mammalian skin and goldfish integument have not been found to be affected
by the addition of either sulfhydryl groups or their inhibitors. The current status of non-
tyrosinase-directed melanogenic inhibition will be discussed later.
Succinoxidase Activity in Melanosomes of Pigmented Mouse Melanomas. H. B. DEMOPOULOS,
M. T. SABATINI, M. T. MAVROMATIS, L. DAVIS, AND R. SCHWARZ. New York University
Medical Center, New York, New York.
Fractions of premelanosomes, melanosomes, and melanized melanosomes were obtained
from S-91 and B-16 mouse melanomas. They were free of mitochondrial contamination,
as judged by repetitive electron microscopic monitoring of all of the fractionated material.
Succinoxidase activity was measured, adding sodium succinate as the sole metabolite, and
measuring oxygen consumption manometrically. The percent recovery of the total succinoxi-
dase activity was calculated. Approximately 50-60% of the activity was recovered in the
three, mitochondrial-free melanosome fractions. Malonate inhibition was effective and showed
that an enzyme like succinic dehydrogenase is present at the beginning of this electron
transport chain. Alpha methyl tyrosine was shown to selectively inhibit tyrosinase activity
in these melanosome preparations. It also decreased the succinoxidase activity of the melano-
some fractions by about 40%. This suggested that tyrosinase acts as the terminal oxidase
for at least 40% of the succinoxidase activity in the melanosome fractions. Alpha methyl
tyrosine had no effects on mitochondrial succinoxidase activity, as measured in preparations
from liver, and amelanotic melanomas. This work is harmonious with the concept that
the high levels of tyrosinase activity found in pigmented melanomas play a vital respiratory
role. These experiments offer a possible explanation for the selective growth inhibitory effects
of tyrosinase inhibitors, when used against pigmented melanomas, in vitro or in vivo.
The Integration of Oocyte Melanosomes into the Melanogenic System of Developing Am-
phibian Pigmented Epithelial Cells. J. J. EPPIG, JR. Biology Department, Brooklyn College
of the C.U.N.Y., Brooklyn, New York 11210.
It has been reported that the retinal pigmented epithelium of larval amphibians contains
two types of melanosomes: (1) elongate melanosomes which develop from typical fibrillar
premelanosomes, and (2) complex melanosomes which are formed by the deposition of
new melanin in and around melanosomes derived from the oocyte. This paper describes
the ontogeny of these complex melanosomes as revealed by electron microscopy and the
cytochemical localization of tyrosinase. The results are correlated with a theory for the
mechanism of elongate melanosome ontogeny.
Oocyte melanosomes are found scattered throughout the prospective neural retina and
pigmented epithelium of early amphibian embryos. As these tissues differentiate, the oocyte
melanosomes move from the prospective neural retina into the space (primary cavity) between
the prospective neural retina and pigmented epithelium. The oocyte melanosomes are then
engulfed by the cells of the developing pigmented epithelium.
Oocyte melanosomes of Notophthalmus viridescens are distinctive because melanin deposi-
tion ends in the oocyte before the characteristic particulate premelanosomes are completely
homogeneous and, thus, the individual particles are still clearly separated. When these particu-
late structures become incorporated into the developing pigmented epithelial cells, melanin
deposition is resumed, resulting in the formation of a relatively homogeneous melanosome.
After incorporation into the pigmented epithelial cells, the oocyte melanosomes are inte-
grated into the melanogenic system of the cells by establishment of a direct connection
with dopa-positive tubules associated with the Golgi complex. The indigenous fibrillar pre-
malanosomes, which originate in smooth endoplasmic reticulum, are also seen to have a
direct connection to these dopa-positive tubules. Thus the mechanisms for the melanization
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after passing through the Golgi complex, is transferred (probably along with melanin pre-
cursors) via smooth surfaced tubules to both fibrillar premelanosomes and oocyte melanin
granules.
Control of the Black, Red, and White Chromatophores of the Shrimp Crangon septemspinosa
by Pigment-Dispersing and Pigment-Concentrating Substances. M. FINGERMAN. Tulane Uni-
versity and Maine Biological Laboratory, New Orleans, Louisiana.
The object of this investigation was to determine the actions of chromatophorotropins
in fractions of eyestalk extracts from the shrimp Crangon septemspinosa. The fractions
were obtained by gel chromatography. Brown and Wulff (1941, J. Cell. Comp. Physiol.
18, 339) had reported that crude eyestalk extracts from this shrimp caused concentration
of its black and red chromatophoric pigments but dispersion of the white ones. Herein
eyestalk extracts were chromatographed on Bio-Gel P-6 and Sephadex G-25 and the resulting
fractions were assayed for their chromatophorotropic activities on the black, red, and white
chromatophores of eyestalkless individuals. The fractions eluted from the Bio-Gel P-6 column
showed the presence of pigment-dispersing and pigment-concentrating activities for all three
pigments. The pigment-dispersing activities were completely separated from the pigment-con-
centrating activities. The three pigment-dispersing activities, however, all peaked in a single
fraction, and the three pigment-concentrating activities also peaked in a single fraction which
came off the column after the fractions having the pigment-dispersing activities. In contrast,
the fractions obtained from the Sephadex G-25 column provided some resolution of the
pigment-concentrating activities. Not only was there present a fraction that contained pigment-
dispersing activities for all three pigments and another with pigment-concentrating activities
for all three pigments just as with the Bio-Gel P-6, but there was in addition a third
fraction which evoked concentration of the black pigment alone. The latter substance has
not been found as yet in any other crustacean. The relative quantities of the pigment-dispersing
and pigment-concentrating activities in the eyestalks, their antagonism and differences among
the sensitivities of these black, red, and white chromatophores can account for the responses
of these chromatophores to crude eyestalk extracts.
Control of Dermal Melanophores in the Japanese Catfish, Parasilurus. R. Fujii. Department
of Biology, Sapporo Medical College, Sapporo 060, Japan.
Although there are few small melanophores in epidermis, dermal ones apparently play
a predominant role in adaptive color changes of the Japanese catfish, Parasilurus asotus.
These dermal cells were found to lie between the epidermis and the subepidermal collagenous
lamella, while in other fish species studied thus far they were under the collagenous layer.
Responses to various stimuli of the melanophores in an isolated piece of dorsal skin were
photoelectrically recorded. In addition to electrical nervous stimulation, acetylcholine and
melatonin were found to induce melanin aggregation. Their minimal effective concentration
was as low as 10' M. Low concentrations of atropine blocked the action of both the
nervous stimulation and acetylcholine. It was thus concluded that the melanin-aggregating
nerve is of cholinergic nature. Catecholamines elicited melanin dispersion in the pigment
cells. Agonist ranking studies showed that adrenergic beta mechanism may be involved.
The fact that propranolol effectively inhibited the action of catecholamines provided a further
support for the beta nature of the adrenergic receptors. However, whether the pigment
dispersion is controlled neurally or through an endocrine mechanism is still unknown.
Epidermal Melanin Unit Dysfunction: A Report of a Case. C. J. GUERRIER, C. GRISCELLI,
AND M. PRUNIERAS. Laboratoire de Rechesches sur les Tumeurs de la Peau Humaine,
Fondation Ad. de Rothschild 29 rue Manin F-75019, Paris, and Clinique Medicale Infantile,
Unite d'Hematologie et d'Immunologie, Head: Prof. P. Mozziconacci, Hopital Necker-
Enfants Malades, 149 rue de Sevres, F-75015, Paris.
Melanocytes unusually loaded with melanosomes at all stages of maturation have been
seen in the epidermis of a 7-yr-old girl from North Africa. These melanocytes had short
blunt dendrites. Only a few melanosomes could be found in adjacent keratinocytes.
These pictures were taken as evidence of profound dysfunction of the melanization process,
possibly related to impaired melanocyte to keratinocyte transfer mechanism. This impaired
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melanization resulted in discoloration of the skin and hair, of the type seen in CHEDIAK-
HIGASHI syndrome. No inclusions, however, were seen in PMN and no abnormal lysosomal
structures have been observed with EM.
On the other hand, a unique immunological situation was discovered, characterized chiefly
by a discrepancy of in vivo and in vitro tests for cellular immunity reactions. Intradermal
tests for tuberculin, candidin, and PHA (among others) were negative in vivo. Instead, lympho-
cytes were normally stimulated in vitro with tuberculin, candidin, and PHA. Mixed culture
test was positive, as well as the synthesis of MIF.
In addition, a skin graft from an HIA-incompatible donor was not rejected after more
than 4 mo, even though on histological examination the graft was infiltrated with numerous
lymphocytes.
This, together with moderate but significant decrease in PMN bactericidal activity, is
interpreted as possible defect of effector mechanisms in the immunologic reaction, involving
cells capable of phagocytosis.
This observation is presented as an example of epidermal melanin unit dysfunction in
man in connection with an immunological defect of unusual character.
Ultrastructural Changes of Melanization in Xeroderma Pigmentosum (XP). C. J. GUERRIER,
M. A. LUTZNER, R. ROLLIER, AND M. PRUNIERAS. Laboratoire de Recherches sur les
Tumeurs de la Peau Humaine, Fondation Ad. de Rothschild 29 rue Manin F-75019,
Paris, Dermatology Branch, National Cancer Institute, National Institute of Health,
Bethesda, Maryland, and Service de Dermatologie, Hopital Averroes, Casablanca, Morocco.
Eighteen patients (5 females and 13 males) have been studied. They were all typical
examples of XP with the exception of the case of a little girl aged 2 mo who has been
included in the series because (even if she had no clinically detectable skin lesions) she
had ultrastructural changes similar to the other cases including, in particular, her three
siblings.
In all cases, the melanocytes were abnormal. They showed extensive melanosome poly-
morphism, including asynchrony of melanization. The melanosomes were very similar to
those described in Malignant Melanoma of the Dubreuilh-Hutchinson type. Melanocytes
also had autophagic vacuoles and in eight cases there were present giant pigment granules
of a unique character.
There was passage of premelanosomes and giant pigment granules to keratinocytes. In
a depigmented lesion, Langerhans' cells were seen to be situated in the position normally
occupied by melanocytes.
In pigmented lesions, Langerhans' cells were also seen bearing large quantities of melanin.
These observations were presented because they may demonstrate a link between the
structure of melanosomes and the biological behavior of melanocytes.
The propensity of XP patients to develop malignant melanomas is well documented. These
patients can then be taken as forming a "high risk" population. The unraveling of consistent
abnormalities in melanosome structure in such a population may be of interest as regards
the epidermiologic aspect of malignant melanomas in humans.
Isolation and Characterization of Melanosomes from B16 Melanoma. H. F. HABERMAN
AND I. A. MENON. Clinical sciences Division, University of Toronto, Toronto, Canada.
A modified method has been developed for the isolation of melanosomes from B16
melanoma in large quantities. The melanoma tissue is minced with scissors and pressed
through four layers of gauze into 0.25 M sucrose. The suspension of melanoma cells obtained
is homogenized using a Potter-Elvehjem, homogenizer. The homogenate is centrifuged twice
at 600 g for10 min. The supernatant is then centrifuged at11,000 g for10 min. The
sediment is resuspended in the same medium and recentrifuged at 11,000 g for 10 min.
The sediment is then suspended in the same medium, layered over 1.7 M sucrose and
centrifuged at 20,000 rpm (37,000 g) using SW 50.1 rotor in a Beckman (spinco) ultracentri-
fuge for1 hr. The sediment is suspended in 0.25 M sucrose and layered over 2.0 M
sucrose and centrifuged again at 20,000 rpm for1 hr. The sediment obtained (melanosomes)
may be suspended in a convenient medium is required, e.g., 0.25 M sucrose. This method
has been found to be most suitable for the preparation of large quantities of melanosomes.
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The purity of these preparations was as good or better than obtained by any of the methods
described before, and the melanosomal fraction contained both fully melanized melanosomes
and partially melanized premelanosomes. Since melanoma mitochondria contain only relatively
low levels of oxidative enzymes, these enzyme activities are not suitable as markers for
detecting the presence of mitochondria. The melanosomal fraction obtained by this method
contains high levels of tyrosinase and dopa oxidase activities. They also contain detectable
levels of acid phosphatase. These preparations did not contain any of the mitochondrial
oxidative enzymes. Unlike the crude mixture of melanosomes and mitochondria, the tyrosinase
in the purified melanosomal fraction cannot be activated by various procedures. It appears
that treatment with the hypertonic sucrose alters the melanosomal structure in such a way
the tyrosinase cannot be activated by these procedures.
Fine Structure and Collagenolytic Activity of Human Malignant Melanoma. K. HASHIMOTO,
Y. YAMANISHI, AND E. MAEYENS, JR. Memphis Veterans Administration Hospital and
Division of Dermatology, The University of Tennessee, Memphis, Tennessee 38104.
Electron microscopic examinations of a human malignant melanoma developing from
a junctional nevus showed clustered, round, and tubular structures similar to virus particles,
and severe degeneration of collagenous stroma; whereas elastic fibers were spared. Collagen-
olytic activity of the tumor homogenate (crude enzyme) was assayed by incubation with
purified guinea pig collagen labeled with ['4C]proline and ["4C]glycine, and by measuring radio-
activity released to the supernatant of the incubation mixture. The percent lysis of the collagen
substrate per milligram of tumor protein was significantly higher in the melanoma than in a
junctional nevus, consisting of a cellular blue nevus and normal skin. Trypsinlike activity of
the same homogenate was low. Radioactivity release increased linearly with respect to the
crude enzyme concentration and incubation time. The optimum pH was 8.5 with marked
decrease of activity above and below this optimum. Inhibitors of normal skin and benign skin
tumor collagenases only weakly inhibited this melanoma collagenase. We found, interestingly
enough, that squamous cell carcinoma collagenase was also poorly inhibited.
This study suggests that malignant tumor collagenases in general may induce or facilitate
invasion and metastasis, and that, like murine melanomas, viruses may play a role in the
etiology of human malignant melanomas.
Immunological Characterization of Tyrosinase from Human Malignant Melanoma, Pigmented
Nevi, and Clinically Normal Skin. W. P. HERRMANN. Hautklinik, Universitat Koln, 5
Koln 41, Germany.
Human malignant melanomas have been shown to contain multiple forms of tyrosinase.
Immunological enzyme studies were therefore carried out to determine whether:
1. human malignant melanomas contain a tumor-specific tyrosinase
2. any of these enzymes is immunologically identical with those occurring in pigmented
nevi and clinically normal skin.
The demonstration and characterization of tyrosinase was carried out by means of agar
electrophoresis, immunoelectrophoresis, and Ouchterlony tests using rabbit antisera specifically
directed against deeply pigmented human metastatic malignant melanoma tissue extracts.
The dopa reaction was used for the identification of tyrosinase. A total of 11 melanomas,
10 pigmented nevi from children and adults, and samples of clinically normal skin from
five patients were analyzed. The following results were obtained:
Melanoma tyrosinase migrates with the electrophoretic mobility of an a2-globulin. Rabbits
which were immunized with pigmented melanoma tissue extracts developed antibodies against
only one dopa-oxidizing enzyme. Consequently, the immunoelectrophoretic analysis of mela-
noma extracts with these antisera yielded only one dopa-positive precipitation arc located
in the region of a2-globulins. Double-diffusion tests, however, yielded a varying number
of parallel precipitation lines; the number of precipitates formed by a particular sample
ranged between one and three when the test was repeated several times. These findings
suggest that the tyrosinase is inconstant with respect to its heterogeneity. Extracts from clini-
cally normal skin and pigmented nevi developed single faint dopa-positive precipitation lines
only. The precipitation lines formed by nevi and normal skin gave complete immunological
identity reactions among each other as well as with those of the melanoma extracts.
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It may be concluded, therefore, that human malignant melanomas contain only one dopa-
oxidizing enzyme which is immunologically identical with that of pigmented nevi and clinically
normal skin. The heterogeneity of melanoma tyrosinase is most probably due to the formation
of polymers. A tumor-specific tyrosinase could not be demonstrated in extracts from human
malignant melanomas.
Malignant Melanoma: The Connecticut Experience. J. A. H. LEE. School of Public Health,
University of Washington Medical School, Seattle, Washington.
White people born since World War I are going through life with higher risks of dying
of a skin tumor as young adults than those born earlier at the same period in their lives.
There has been a steady increase in the incidence of malignant melanoma since records
began in the 1930s. Some of this increase is due to better diagnosis, but the mortality
data suggest that there has been a real change in the incidence of this tumor. The Connecticut
Tumor Registry has provided a measurement of this increase over the years, and internal
comparisons within this unique body of data suggest the evolution of the pattern. The
proportion of melanomas of the female lower limb has increased, otherwise, the anatomical
distribution has remained similar. Thus, whether comparisons are made between different
time periods in the same community, or between different communities at about the same
time, large variations in the incidence of malignant change in human melanocytes have
little effect on the anatomical distribution of these changes. Models of the role of phenotypic
and environmental factors must account for these observations.
Response of the Melanocyte to Freezing. S. LINDO, R. SARDA, AND F. DANIELS, JR. Department
of Dermatology, Cornell University Medical School, New York, N.Y.
There are many lines of evidence indicating that pigmentation is an important factor
in determining the degree in injury induced by cold, dark skin appearing to be more susceptible
to cold injury than lightly pigmented skin; e.g. (1) epidermiological studies carried out
during the Korean War demonstrated that American Negroes were more susceptible to
frostbite attack injury than whites; (2) Stray, in 1943, reporting the reaction of Norwegian
army recruits on winter maneuvers, found frostbite injury occurred earlier and was more
severe in brunettes as compared with blonds; (3) there is the clinical experience that cryosur-
gery in dark-skinned patients may lead to problems of hypopigmentation not encountered
in fair-skinned individuals. To study the response of the melanocyte to cold injury, junctional
nevi in two Caucasian subjects were treated with liquid nitrogen. Using various histochemical
staining procedures and electron microscopy, changes in the melanocytes were studied-1
hr, 6 hr, 24 hr, 3 days, 7 days, and
1 mo following LN therapy. As early as 1 hr most
freezing changes were visible and became more marked over the next 3 days. These included
bulla formation, epidermal necrosis, mainly in the epidermis containing nevus cells, dispersion
of melanin granules into the dermis, and destruction of melanocytes. Cells identified by
electron microscopy as polymorphonuclear leukocytes were shown to pick up the dispersed
melanin. After
1 mo there was complete regeneration of the epidermis, but it was devoid
of nevus cells and of melanocytes. This susceptibility of the melanocyte to cold is not
yet understood; one possible explanation is that co!d induces increased fragility of the lyso-
somal membranes with release of hydrolytic enzymes which cause damage to melanosomes.
This is being studied further. Other systems are also being used to study the effect of
cold on pigmented tissue. These include (1) freezing of vitiligo skin, (2) using piebald
guinea pigs and freezing across the border between black and white skin. The damage
was always greater on the darkly pigmented skin.
Pigment Induction in Synchronized Amelanotic Melanocytes by Synthetic RNA, a Halogenated
Thymidine Analog, and DMSO. G. LIPKIN AND L. T. HODGINS. The Department of Derma-
tology, New York University School of Medicine, New York, New York 10016.
RNA from benign or malignant pigmented hamster melanocytes has been shown to induce
temporary pigmentation in hamster amelanotic malignant melanocytes in vitro, though wide
experimental variation in efficiency and reproducibility of pigment induction was observed.
In an attempt, therefore, to improve the regularity of this phenomenon, a study was made
of the effect of synchronizing cells before exposure to potential inducers. Both experimental
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and control cultures of a stock line of hamster amelanotic malignant melanocytes (AM
#1846) were first arrested in S phase by incubation with FUdR (10-' M) for 18 hr. Immedi-
ately after release of the block by excess thymidine (10-5 M), cells were exposed in G2 phase
for 6 hr to the inducers. Cultures were then maintained and observed for pigment changes.
The latter were quantitated by direct daily counts of pigmented cells. The following were
found to be regularly effective in producing significant induction of pigmentation: hamster
Blue Nevus RNA (140 ,ug/ml), poly I:C (100 ug/ml), IUdR (50-500 Ag/ml), and DMSO
(1.5%). Negative controls included: hamster amelanotic melanoma RNA, nuclease-degraded
Blue Nevus RNA, and synchronization of cells alone. The onset of grossly visible pigmentation
occurred at 2-3 wk after exposure to inducers, and the percentage of pigmented cells ranged
from 30 to 90% at the peak before declining to control levels of 0-5%.
It is likely that poly I:C, IUdR, and DMSO act by different mechanisms to alter the
complex balance of factors determining pigmentation in these cells, including variable tyro-
sinase levels and a variety of inhibitors of pigmentation.
Effect of Ultraviolet Laser Radiation at 325 tim on Skin. D. McKEEN, G. SZABO AND S.
FINE, Northeastern University, Department of Dermatology, Massachusetts General Hospi-
tal, Department of Anatomy, Harvard Medical School and Harvard School of Dental
Medicine.
This investigation undertook to study the possible protecting role of pigmentation against
ultraviolet laser radiation. Ears of 15 guinea pigs ranging from "albino" to black were
irradiated with a 15 mW, 325 nm, 1.5 mm diam beam from a Spectra-Physics He-Cd
Laser for 16-30. Biopsy specimens were taken immediately, 24-72 hr and 1 mo after radiation.
NaBr split, dopa, and EM preparations were examined.
In lightly pigmented skin immediately after radiation there is a vacuolization of epidermal
cells and development of small edematous lesions in the papillary dermis. Small dermal
areas, presumably occupied by peripheral nerves, are also injured; and the myelin sheath
of large nerve fibers also showed damage. After 24 hr extensive dermal edema develops
and often an infrabasal separation of the epidermis occurs with necrosis of the overlying
epithelium. At the periphery of the lesion there is a varying degree of epidermal damage,
including cellular vacuolization near the nucleus, and destruction of nuclei. NaBr split prepara-
tions have shown that the 24-hr lesion is about 1 mm in diameter both, in the epidermis
and in the dermis, which corresponds to the beam diameter. In NaBr preparations this
lesion is characterized by separation of epidermal cells and the replacement of the collagen
bundles in the dermis by a homogenous, eosinophil material.
By contrast, in heavily pigmented skin there is greater injury to the regions of cells
which is occupied by melanosomes, and the injury to the dermis is considerably less than
in lighter colored skin.
Since there was an elevation in temperature of less than 2°C, the effects are photochemical
and not photothermal in nature. A macroscopically observable hyperpigmentation followed
the Laser radiation after 2-3 days posttreatment.
Properties of RNA Polymerases from B16 Melanoma. I. A. MENON AND H. F. HABERMAN.
Clinical Science Division, University of Toronto, Toronto, Canada.
Some of the properties of RNA polymerases from melanotic and amelanotic B16 melanomas
were studied. Chromatin-bound RNA polymerase was prepared by the lysis of nuclei obtained
by differential centrifugation of the melanoma homogenate in sucrose medium. RNA poly-
merase activity was measured by determining the incorporation of [3H]-CMP into RNA.
Chromatin bound RNA polymerase is activated by Mg2+ more than Mn2+. Addition of ammo-
nium sulfate was found to activate the RNA polymerase. Preincubation with phospholipase
A or phospholipase C as well as extraction with ether or iso-octane decreased the RNA
polymerase activity in presence of Mg2+ but not that in presence of Mn2+. The RNA polymerase
activity in presence of high salt concentration (ammonium sulfate) was not affected by
the phospholipases or the solvent extraction. Preincubation in presence of typsin was found
to activate the RNA polymerase activity in presence of Mn2+ to a greater extent than the
polymerase activity in presence of Mg2+. RNA polymerase activity of melanoma mitochondria
was decreased by treatment with phospholipase A or phospholipase C as well as by extraction
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with ether or iso-octane. Phospholipase D as well as wheat germ lipase did not have any
effect on the RNA polymerase activities of nuclei or mitochondria. a-amanitin was found
to inhibit the nuclear RNA polymerase activity in presence of Mn2+ at high salt concentration
but not in presence of Mg2+. The RNA polymerase activity of melanoma mitochondria was
not inhibited by a-amanitin. The RNA polymerase activity in melanoma nuclei and mitochon-
dria was inhibited by actinomycin D but rifamycin and rifampicin did not have any inhibitory
action. Of the various tissues studied (brain, liver, kidney, heart, and lung) the properties
of the RNA polymerase from melanoma closely resemble those of the RNA polymerases
from liver.
Phenylalanine and Differentiating Amphibian Melanocytes. D. MORAN AND P. G. MODEL.
Department of Anatomy, Albert Einstein College of Medicine, Bronx, New York.
To see whether phenylalanine serves as a substrate in melanogenesis, hanging drop explants
of neural crest from amphibian (Ambystoma maculatum and A. mexicanum) embryos were
subjected to treatment on the seventh day in vitro with[3H]phenylalanine and studied by
means of light microscopic radioautography. All melanin-containing cells showed label. On
the other hand, when puromycin, an inhibitor of protein synthesis, together with the labeled
amino acid was administered to the cultures, no radioactivity was incorporated by pigmented
cells. Comparable results were obtained when leucine was substituted for phenylalanine.
In control experiments, puromycin and labeled tyrosine or 3,4-dihydroxyphenylalanine
(DOPA), both known precursors for melanin synthesis, were administered to the neural
crest cultures. In these experiments, puromycin had no effect on the incorporation of label
by pigmented cells. Our data strongly indicate that in differentiating amphibian melanocytes
with functional pigment-forming systems, phenylalanine is used in protein synthesis, but
does not serve as a substrate for the tyrosine-tyrosinase system.
In another series of experiments, explants of neuroepithelium (neural crest anlage) were
grown from the time of explanation to the seventh day in vitro in the presence of phenyllactic
acid, an analog of phenylalanine. Pigment cells developed normally. These results suggest
that phenylalanine plays little or no role in pigment cell differentiation.
Atrophy of the Pineal Gland in Xeroderma Pigmentosum. W. MORI. Department of Pathology,
Tokyo Medical and Dental College, Tokyo, Japan.
Six autopsy cases of xeroderma pigmentosum in Japan were collected and reexamined,
principally to see changes of the pineal gland. In five cases, the skin lesion was so severe
that the patients died of skin cancer, mostly malignant melanoma developed as sequela
of xeroderma pigmentosum; the sixth case was rather mild and the patient died of stomach
carcinoma. The pineal gland of the five cases of the former group showed marked atrophy,
both gross and histological. The weight of the fixed material in them was 31, 47, 70,
73, and 103 mg, respectively, while the control study of 12 cases (20-29 yr of age) gave
the average weight of 133+ 47 mg which was measured under the same condition as of
this study. Histologically too, the pineal glands of these cases were quite atrophic showing
looseness of the tissue, simplicity of the structure, monotony of the cellular element, etc.
Atrophy of the brain or the endocrine organs was also seen in some cases, but the pineal
change was not interpreted as a part of these systemic alterations.
Since the pineal gland obviously plays an important role as a receptor and/or regulator
in photosensitivity in lower animals, similar biological function of this particular organ
may well be postulated in humans. It is possible that a kind of dysfunction, probably
congenital, of some system which is controlled by the pineal gland may be an etiological
factor of the skin lesion of xeroderma pigmentosum, and the pineal hormone, melantonin,
may also be a participating cause.
Suppression of Pigmentation in Mouse Melanoma Cells by BrdU: An Ultrastructural-Cyto-
chemical Investigation. C. OLIVER. Sloan-Kettering Institute for Cancer Research, New
York, New York.
Growth with BrdU is known to result in the reversible suppression of pigmentation in
cultured mouse melanoma cells. This process was examined in a synchronously growing
B16 cells (line B559) cultured for up to 7 days with 3 ug of BrdU/ml and in unpigmented
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cells (clone C3471) produced by continuous growth of B559 cells in medium containing
1 utg of BrdU/ml. For cytochemical demonstration of tyrosinase activity the cells were
incubated in a medium containing dihydroxyphenylalanine. This activity could be inhibited
by exposing the cells to sodium dithiodiethyl carbamate, a copper chelator, prior to incubation.
In the control cells, the tyrosinase reaction product was localized in the inner Golgi saccule,
Golgi-associated vesicles and smooth-surfaced tubules, premelanosomes, and compound
melanosomes. After 3 days of growth with BrdU, reaction product was seen in premelano-
somes, compound melanosomes, and occasionally in Golgi-associated vesicles. At 7 days,
no reaction product was demonstrable in most cells. A correlated biochemical study has
confirmed this decreased tyrosinase activity. Accompanying this reduction was the suppression
of melanosome formation. In control cells, premelanosomes, in all stages of development
were distributed throughout the cytoplasm. After 3 days growth with BrdU, reduced numbers
of premelanosomes were arranged in a juxtanuclear position, with increased concentrations
of early premelanosomes associated with the Golgi apparatus. Large compound melanosomes
and structurally abnormal premelanosomes were also frequently seen. At 7 days, the cultures
were nearly amelanotic, but many of the cells contained a few heavily pigmented premelano-
somes near the Golgi apparatus. C3471 cells contained a poorly developed Golgi apparatus
and no premelanosomes. BrdU thus appears to suppress pigmentation by affecting both
tyrosinase activity and melanosome formation.
Relationship of Skin Color to Erythema Response and Melanin Distribution. R. L. OLSON
AND M. A. EVERETT. University of Oklahoma Medical Center Oklahoma City, Oklahoma
73104.
The erythema responses in Caucasians and light, medium, and dark-complexioned American
Negroes were compared. MEDs (minimal erythema doses) in the various skin shades were
correlated with melanosome size, quantity, density, and distribution. A progressive and parallel
gradation in all these factors were observed. Dark Negro skin had an MED 33 times that
of the Caucasian, contained the greatest quantity of pigment, and had the largest melanosomes,
all of which were singly dispersed. Caucasian skin contained the smallest quantity of pigment
and the smallest melanosomes, most of which were contained within melanosome complexes.
Measurements for the light- and medium-complexioned Negroes were intermediate. Confirming
previous reports, the determining factor as to whether melanosomes are individually dispersed
or are taken into complexes is size-dependent. The upper limit for melanosomes found
within complexes in this study was about 0.35 ,um.
Melanosomes and melanosome-complexes have both been previously shown to have lyso-
somal properties. That degradation of melanosomes occurs seems likely since the overwhelming
majority of pigment, even in the dark-complexioned Negro, is demonstrated to be within
the basal layer. Even though the quantity of dark-complexioned Negro melanosomes reaching
the stratum corneum are greater than in the Caucasian, the quantity is still tiny compared
to that found within the basal layer.
Miniature Melanocytes of Murine Epidermis. W. M. REAMS, JR. AND J. T. EARNHARDT.
University of Richmond and the Medical College of Virginia, Richmond, Virginia.
Mammalian epidermal melanocytes are known to occur in a variety of shapes, sizes,
and colors. Although the basis of melanocyte morphology is genetic, a number of environ-
mental factors modify their expression. For example, melanocytes of dilute genotype exhibit
a nondilute morphology if grown in the anterior chamber of the eye; where the population
density of melanocytes is not uniform following uv tanning, the greater the density, the
smaller the size of the melanocytes; the pigment cells of resting hairs are notably smaller
than those of growing hairs; and, in man, the white macules of tuberous sclerosis have
melanocytes which are smaller and weakly dopa-reactive as compared to normal.
In the epidermis of PET/Wmr mice, the population of melanocytes reaches a peak and
begins to decline during the first postnatal week, and has disappeared within 4 wk. During
this period, a small number of weakly dopa-reactive, miniature melanocytes are seen dispersed
among the generally large, highly dopa-reactive melanocytes typical of the animal. These
miniature melanocytes appear early, are among the last to disappear, and their population
remains relatively constant against the drastically changing population of typical melanocytes.
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In attempts to determine the nature of the miniature melanocytes, studies are in progress
whereby the melanocytes are subjected to morphogenetic impacts which utilize homologous
and heterologous grafting, chalone, and uv irradiation. Thus far, the evidence suggests that
these miniature melanocytes are relatively resistant to transformation into typical melanocytes,
but can be provoked into such a transformation only by rather intense measures.
Growth Regulation in Mammalian Melanocytes. P. A. RILEY. Department of Biochemical
Pathology, University College Hospital Medical School, London, England.
An important problem in cell biology concerns the mechanism of growth control among
cells. Studies bearing on this question have been made on primary cultures of normal melano-
cytes from the ear skin of a black strain of guinea pigs. Melanocytes have a remarkably
low growth rate and a relatively low mobility on a glass substrate. Time-lapse film studies
have shown that the cells undergo division while maintaining close contacts with each other.
On the other hand, DNA replication, as demonstrated by autoradiographs of [3H]thymidine
pulse-labeled cells, is rare in melanocytes with multiple contacts. An analysis of contact
frequency of solitary cells suggests that the cells cannot enter S-phase until a critical period
has elapsed in which contacts with other cells or with cell processes, including its own
dendrites, are absent.
These observations would appear to favor the hypothesis that melanocytes mutually inhibit
their proliferation in the circumstances imposed by monolayer culture, and suggest that
the mechanism involves an external influence operating directly or indirectly on the surface
of the cell. Metabolic coupling seems to be excluded by the observed self-inhibition, and
the possible effect of contacts on the nutritional status of the cell in influencing DNA
synthesis is refuted by the smallness of the contact areas involved.
If these observations in any way reflect the growth-control mechanisms operating in vivo
they may help explain the stability of the relatively sparse population density of melanocytes
and possibly of other dendritic cells in the body.
Amino Acid Profiles in Melanoma Tissues and Host Plasmas. V. RILEY AND D. SPACKMAN.
Department of Microbiology, Pacific Northwest Research Foundation, and The Fred
Hutchinson Cancer Research Center, Seattle 98104.
Basic quantitative data on the free and bound amino acids associated with various tumor
tissues and their host blood plasmas are not yet available. In view of the central role
that amino acids serve in the nucleic acid-directed synthesis of all cellular proteins, whether
normal or malignant, it is pertinent that such basic information be acquired as a prerequisite
to greater comprehension of both normal and neoplastic biological processes. Such comparative
amino acid profiles are especially important for detecting subtle biochemical, nutritional,
or physiological differences between normal and malignant tissues. Thus, systematic amino
acid information may provide essential clues for rational therapeutic exploitation, and, finally
improved control of specific tumor types. Since melanocytes possess a special synthetic se-
quence leading to the production of melanoprotein, and have reasonably well-known amino
acid pathways, a variety of pigmented and nonpigmented melanomas have been analyzed
for both free and bound amino acids, together with a similar examination of the plasma
and urine of normal and tumor-bearing hosts. Significantly different amino acid profiles
have been observed between pigmented and nonpigmented melanomas, as well as between
melanomas and other tumor types. Specifically, both the free and the bound amino acids
in the B-16 mouse melanoma appear to be generally lower in the pigmented than in the
nonpigmented variant. Tyrosine is a conspicuous example while, in contrast, glutamine and
citrulline are higher in the pigmented tumor. Additional comparative assays have been under-
taken for some 50 basic, acid, and neutral amino acids and related substances occurring
naturally in blood, urine, tumors, and normal tissues.
A Quantitative Fluorimetric Assay for Melanin. M. H. ROSENTHAL, J. W. KREIDER, AND
R. SHIMAN. Departments of Biological Chemistry and Pathology, The Milton S. Hershey
Medical Center, The Pennsylvania State University, Hershey, Pennsylvania.
A simple method has been developed for the quantative fluorimetric estimation of variously
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buffered, dilute peroxide solution under carefully controlled conditions. The resulting solution
has a characteristic fluorescence which is quantitatively related to the initial melanin content.
High concentrations of material requires a quenching correction.
Melanin was uniformly labeled with "C during in vitro synthesis from L-dopa by mushroom
tyrosinase and during in vitro culture of B16 mouse melanoma. The fluorescence to radioactiv-
ity ratio for each was compared by assay and scintillation counting. Natural and synthetic
dopa-melanin gave similar results. Standard curves developed from fluorimetric analysis of
synthetic dopa-melanin can be used to estimate the melanin content of cells grown in vitro
or in vivo.
Measuring Pigment-Granule Movement: A Comparison of Time-Lapse Cinematography and
Microphotometry. M. SCHLIWA AND J. BEREITER-HAHN. Fachbereich Biologie der Johann-
Wolfgang-Goethe-Universitat, Frankfurt am main, Arbeitsgruppe kinematische Zellforschung.
Zellforschung.
The investigation of melanosome displacements implies an exact analysis of this form
of intracellular motion. In studying the dynamics of the normal (uneffected) behavior of
melanophores as well as the effects of drugs interfering with cellular movements (colchicine,
vinblastine, cytochalasin B) measurements can be done by: (1) single-frame analysis of
time-lapse films; and (2) measuring light transmittance or reflectance. The latter method
is widely used in melanophore research.
In studying the effects of colchicine on the melanophores in isolated scales of the anglefish,
Pterophyllum scalare, we compared these two methods. A scale area covered with melano-
phores is filmed. The distance between outer border of concentrated pigment mass and
outer border of pigment-coated area is plotted against time during concentration and dispersion
movements. Values are given as in percentage of fully dispersed state. The same is done
with simultaneous photometric recordings of changes in light transmittance of the same
microscopic field. The curves obtained by both methods are sigmoidal but show differences
up to 40% due to the different methods. Dispersion and concentration movements in melano-
phore branches must not be reflected by corresponding changes in transmittance. The melano-
some-free centrosphere allows pigment concentration without any decrease in total melanosome
covered area, as can be shown by planimetric analysis of single frames. Velocities of single
melanosomes often differ widely from those of the whole pigment in a melanophore dendrite.
Observations within 1-2 hr show that the relative mutual position of the two curves
changes, as can be observed during colchicine treatment. The laborious method of single-frame
analysis will be best for giving exact determinations of pigment velocity and time course
of movements. The photoelectric method is sufficient to show relative changes in time course
of pigment displacements.
Analysis of Cytopathic Virus Produced by B16 Melanoma Cells after Long-Term Culture
with 5-Bromodeoxyuridine (BrdU). S. SILAGI AND D. BEJU. Cornell University Medical
College and Sloan Kettering Institute for Cancer Research, New York, New York.
B16 melanoma cells cultured continuously in 1 jAg of BrdU/ml become suppressed tumori-
genic and pigment productive and change their mode of growth from piled foci to "contact
inhibited" monolayers. All these effects are reversible when BrdU is removed from the
medium. The B16 cells cultured in normal medium are always tumorigenic, nonimmunogenic,
and do not produce virus detectable by XC assay, indirect immunofluorescence, or cytotoxicity
after indirect absorption with Gross antigen. Scrutiny with electron microscopy (EM) reveals
rare budding virus in occasional cells. The BrdU-grown cells are low in tumorigenicity,
highly antigenic, and they produce large quantities of enveloped A- and C-type virus, readily
detected by EM. The virus can also be assayed by the XC test. BrdU-grown cells contain
Gross cell surface antigen and viral antigens gs-1 and gs-3. The degree of protection against
challenge by the tumor producing cells after three preinjections of BrdU-grown cells seems
to be related to the number of virus particles released by the immunizing cells (Silagi
et al., P.N.A.S. 69, Nov. 1972). Further, injections of concentrated virus into adults also
affords some protection. Preliminary studies on the nature of the virus indicate that it
causes formation of polykaryocytes and other cytopathic effects in cultured mouse embryo
cells, B16 cells and XC cells growing in normal minimal medium. Continuous passage
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of flat 3T3 cells infected with virus has produced piled-up foci. Injection of the concentrated
virus into neonates has caused deaths of 47 out of 50, most of them occurring at 2-3
wk of age. The pathology of virus-injected neonates is being studied, as is further characteriza-
tion of this virus induced in a mouse melanoma by continuous passage in BrdU.
Melanocyte Precursor Cells in the Adult Hair Follicle: Activation and Nucleic Acid Synthesis.
A. F. SILVER AND H. B. CHASE. Institute of Life Sciences, Brown University and Department
of Biology, Rhode Island College, and Division of Biological and Medical Sciences, Brown
University, Providence, Rhode Island.
Activation of resting (telogen) murine hair follicles, either spontaneously or experimentally,
results in the complete differentiation of all cell types of the mature hair. The cells are
found in an only partially differentiated state in the telogen hair germ. The mature cell
types include melanocytes, whose precursor cells are also included in the telogen germ.
During the 48-hr period following plucking of the telogen hair, the germ cells enlarge,
begin to synthesize RNA, then synthesize DNA, and then divide. The sequence of events
suggests that gene derepression has occurred.
The melanocyte precursor cells of the telogen germ are small clear cells, with smooth
outlines, and one or more inconspicuous dendrites. They are specifically located on the
basement membrane between the hair germ and the dermal papilla (a continuation of the
epidermal-dermal basement membrane). During activation they enlarge greatly, wide dendrites
appear, and cell organelles become conspicuous. Somewhat later in time than other cells
of the germ, they also synthesize RNA, then DNA, and then divide.
These cells remain located in the same relative position as anagen proceeds. Their dendrites
become long, thin, and more elaborate. About 4 days after activation, nonpigmented melano-
somes appear in their cytoplasm, and in the next day or so (Anagen IV) melanin is gradually
deposited on the melanosomes.
During the resting stage of the hair cycle (telogen), the melanocyte precursor cells do
not make, contain, or transfer pigment, nor do they divide or synthesize nucleic acids.
After activation they are transformed into typical melanocytes in about 6 days. This recurring
pattern of differentiation should be of interest to clinicians who consider that melanocyte
precursor cells are hypothetical.
Electron Microscopic Observations on Intracellular Pathways of Tyrosinase in DitJerent
Melanin-Producing Cells. P. STANKA. Institut fur Anatomie der Ruhr-Universitat, Bochum,
W. Germany.
Tyrosinase activity can be demonstrated in structures of the smooth endoplasmic reticulum
and of the Golgi apparatus with the dopa reaction adapted to electron microscopy.
Using this method, however, such an activity could not be shown in the premelanosomes
in early stages of their development. It is assumed therefore that tyrosinase is transported
via endoplasmic reticulum and Golgi apparatus to the premelanosomes after the latter have
developed from the endoplasmic reticulum.
The Fine Structure of Melanin Granules in Hair Bulb Melanocytes of Peromyscus Maniculatus.
S. W. WEISS. Mammalian Genetics Center, Department of Zoology, The University of
Michigan, Ann Arbor, Michigan 48104.
An electron microscopic study of hair bulb melanocytes of seven different coat-color
genotypes was made. The observations of black (CCBBPPII), brown (bb), pink eye (pp),
pink eye-brown (ppbb), ivory (ii), pink eye-ivory (ppii), and albino (cc) melanocytes were
interpreted in light of biochemical data concerning the activities of tyrosinase, the one enzyme
known to be necessary in the pathway from tryosine to melanin.
Black (BB) and brown (bb) granules, at all stages of development, are similar except
that black melanosomes tend to be rod-shaped and have very fine melanin while brown
granules are somewhat more spherical and their melanin coarser. Pink-eye (both on a
black (pp) and BROWN (ppbb) background) premelanosomes characteristically lack cross-
links between the major fibers of the matrix, the fibers being less regularly oriented than
in black. Pink-eye granules seem to experience a delay in the onset and perhaps a decrease
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in the rate of melanization. Most ivory (ii) granules within the melanocyte have huge
vesicles containing a normal-sized thin- or thick-fibered matrix. Although thin- and thick-fibered
matrices are observed in the more normal genotypes, thin-fibered matrices occur in an unusu-
ally high frequency in ivory melanocytes. Pink eye-ivory (ppii) and albino (cc) granules
are similar to one another, both differing drastically from black. Most pink eye-ivory and
albino granules do not form matrices, and many lack any semblance of parallel fibers.
While some pink eye-ivory granules do partially melanize, no albino granules show signs
of melanin production. Both albino and pink eye-ivory granules have irregular margins.
From these observations a model describing the interactions of the proteins involved
in the melanosome matrix was developed. The wild-type p and i gene products are thought
to be in position to exert conformational effects on tyrosinase molecules. These conformational
changes in the enzyme might be expected to alter its activity and stability. The i and
p gene products, therefore, might affect coat color indirectly without having enzymic activity
themselves. This possibility is discussed in connection with what is known about protein-protein
interactions in other sytsems.
Testosterone Regulation of Scrotal Skin Epidermal Melanogenesis: The Role of Protein Syn-
thesis and Tyrosinase Activity. M. J. WILSON AND E. SPAZIANI. Department of Zoology,
University of Iowa, Iowa City, Iowa.
Testosterone has been shown to control scrotal skin pigmentation through regulation of
melanocyte melanogenesis without influencing the relative density of pigment cells per unit
area (Wilson and Spaziani, Amer. Zool. 9, 1090, 1969). Histochemical procedures showed
an initial increase in tyrosinase activity at 4 days of testosterone treatment followed by
increased melanocyte cell volume, melanin content, and dendritic morphology. Melanin syn-
thesis was determined through radioactivity in nonhydrolyzable material (6 N HCI, 100°C,
30 hr) from scrotal skin epidermis cultured in vitro with [14C]tyrosine; in vitro incubation
followed hormone pretreatment in vivo. Castration at 14 days resulted in decreased incor-
poration of ['4Cltyrosine into melanin compared to intact controls. The presence of cyclo-
heximide (an inhibitor of protein synthesis) in the incubation medium had no significant
effect on this difference although averages were consistently lower in the presence of the
inhibitor. Testosterone pretreatment of castrate animals for 4 days increased melanin radioac-
tivity over castrate controls; this increase was prevented by incubation with cycloheximide.
After 6 days treatment, increased synthesis could not be inhibited by cycloheximide. These
data suggest that protein synthesis was required for initiation of testosterone-stimulated scrotal
epidermal melanogenesis, but with longer exposure to hormone, sufficient protein was pre-
synthesized in vivo to permit melanogenesis in vitro in the absence of additional protein
synthesis. Radioautographs of cultured epidermis demonstrated grains concentrated over
melanocytes, a pattern not altered by cycloheximide; although available for general protein
synthesis, [14C]tyrosine was apparently incorporated preferentially into melanin by melanocytes.
Dopa (3,4-dihydroxyphenylalanine) added in cofactor amounts to incubation medium did
not alter decreased melanin synthesis after castration and does not, therefore, appear to
be rate limiting in that decrease. Tyrosinase activity was present in particulate and cytosol
fractions of epidermis; only cytosol activity decreased significantly following castration. Testos-
terone treatment increased particulate-bound activity at 4 days and soluble activity after
9 days. These data together suggest that in 3-4 days of testosterone treatment, melanogenesis
was initiated through synthesis of specific proteins; at this time tyrosinase was incorporated
into melanosome structure and as synthesis of tyrosinase exceeded melanosome assembly,
activity appeared in the soluble milieu.
Ceroid-Like Storage Disease and Platelet Defects in Hermansky-Pudlak Syndrome: An Antioxi-
dant Defect. C. J. WITKOP, JR., AND J. G. WHITE. Division of Human and Oral Genetics,
School of Dentistry, and Department of Pediatrics, School of Medicine, University of
Minnesota Health Sciences Center, Minneapolis, Minnesota 55455.
The Hermansky-Pudlak Syndrome is characterized by oculocutaneous albinism, a bleeding
diathesis ascribable to deficient platelet storage pool, and accumulation of a ceroid-like material
in reticuloendothelial and epithelial tissues. Studies of hair bulbs by tyrosine and dopa
incubation indicate they have a tyrosinase-positive type albinism. Platelet studies show a
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defective aggregation due to low intrinsic levels of serotonin and nonmetabolic nucleotides
but intact release mechanism correctable by addition of aspirin-treated normal platelets.
Bone marrow macrophages contain partially digested erythrocytes with large pools of neutral
lipid and a ceroid-like pigment. This material has been isolated from urine and buccal
mucosal epithelial cells. Keratinocytes contain chloroform:methanol extractable neutral lipids
which appear normal on thin-layer chromatography. The ceroid-like non-C:M extractable
material has been characterized histochemically and isolated by density-gradient centrifugation,
showing characteristics different from lipofuscin and possible lysosomal association. There
is evidence of abnormalities in lipid antioxidant systems.
Molecular Specificity of Substrates Utilized in Mammalian Melanogenesis. R. J. YU AND
E. J. VAN ScoTT. Temple University School of Medicine, Philadelphia, Pennsylvania.
Fifty chemical substances have been tested as substrates for melanogenesis identified by
pigment formation in melanocytes of freshly plucked hair roots incubated in 1 mM solutions
of the compounds. Melanocytes of human red and blond hair and of guinea pig red-blond
hair can utilize catechol, tyrosine, dopa and 14 of their derivatives as substrates for pigment
formation. Hair bulbs of red blood guinea pigs can also utilize 5,6-diacetoxyindole. Melano-
cytes of human red and blond hair, but not guinea pig red-blood hair, form pigment from
dopamine and methyl dopa. Human and guinea pig hair melanocytes form dark brown
pigments from dopa, dopa methyl ester, and dopamine; lighter brown pigments from tyrosine,
catechol, dopa ethyl ester, dopa n-propyl ester, and dopa n-butyl ester; and golden yellow
pigments from dopa isopropyl and isoamyl esters. In hair melanogenesis an esterase activity
for hydrolyzing dopa esters to free dopa does not seem to be a requirement. Identification
of substrate structures utilized for melanogenesis may provide new clues to possible means
of affecting melanocytes more specifically.
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